Abstract: Several studies have documented the cumulative presence of 348 species of vertebrates (mammals, birds, reptiles, amphibians, fish) on reclaimed phosphate mines in Florida. Many of these species, however, are found at low population densities or on a small number of sites. The studies also provided comparative data for unmined habitat in the region and reported 324 species. About 12% of the species reported for reclaimed habitat were not reported for unmined habitat, while 6% of the species reported for unmined habitat were not reported for reclaimed habitat. Similar numbers of rare and endangered species occur on reclaimed and unmined habitats in the region. Differences in the fauna! assemblages of reclaimed and unmined areas can generally be traced to the effects of habitat maturity, wetland hydroperiod, the presence of large lakes, sandy substrates, and dispersal factors. The information suggests that additional species, or more robust populations of particular species, could be recruited to reclaimed habitat if several factors are incorporated into designs. Most reclaimed wetlands were constructed to have relatively stable water levels and extended hydroperiods. More ephemeral marshes should be created. Most uplands are reclaimed with a loamy-overburden soil cap. Large sand lenses should be left at the surface to provide a more suitable medium for fossorial animals. More care should be taken to situate reclaimed habitats to facilitate animal movement between habitat types. Many projects provide only two vegetative strata (trees and groundcover). Additional shrubs, sub-canopy trees, and snags should be introduced to increase vertical heterogeneity. If, in addition to past practices, designers focused on just a small number of key species with very specific requirements, the habitat quality would be improved for a significant number of additional species.
Introduction
This study is an evaluation of selected literature concerning the vertebrate utilization of surface-mined lands compared to unmined lands in the central-Florida phosphate district. Differences in the taxa between unmined and mined lands were examined for any unifying themes that could be used to enhance species richness and utilization of mined lands. These differences were also evaluated to determine if some reclamation practices might be positively influencing species richness and utilization of the region.
Prior to 1975, Florida statutes did not require reclamation and phosphate-mined land was left as a series of spoil pile islands separated by water-filled cuts. Companies discarded clay tailings in cuts and often built dams to contain the clays for consolidation. 
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Sand tailings were usually placed close to the beneficiation plant, forming large above-grade sand mounds. Companies seldom reforested land and the spoil piles, clay pits, and sand mounds revegetated passively.
Some of these areas have impressive canopies of native vegetation, but exotic plants such as Brazilian pepper (Schinus terebinthifolius) and cogon grass (Imperato cylindrica) dominate many sites.
The State of Florida began requiring phosphate companies to reclaim land during 197 5. Since that time, three major types of landforms are typically created: I) land-and-lakes, 2) clay-settling areas, and 3) sand-tailings backfill areas. Sand and clay tailings from the beneficiation plant are returned to the surface-mined landscape. Companies pump sands into mine cuts, contour them close to original grade, and traditionally have capped the sand with at least a foot of loamy overburden spoil.
The clay tailings are pumped into impoundments with earthen dams (settling areas) and are allowed to consolidate, usually several feet above original grade. The dam wall is then breached and recontoured. A variation of settling areas is to mix Sand/clay mix areas are typically contoured closer to original grade than conventional clay settling areas.
The material balance and final topography of most mine sites results in a deficit of material so not all of the mine cuts can be backfilled with sand and/or clay. The remaining voids are reclaimed as large lakes. Most of the spoil from the lake interior is removed and used to contour uplands and a littoral zone around the lake. Sometimes islands are left in the lakes.
The State requires all of these landforms to be actively revegetated by seeding, sprigging, and/or transplanting. Much of the reclaimed land is used for cattle grazing, agriculture, residential, and commercial sites. Habitats resembling forested and non-forested wetlands, pine plantations, large lakes with significant littoral zones, hardwood hammocks, mixed hardwood and pines, and canopied streams are routinely created as well. Analogues of pyrogenic uplands such as sandpine scrub and pine flatwoods have only recently been created on any significant scale.
Casual observation reveals that reclaimed habitats attract a variety of wildlife species. Reclaimed lands have been purchased by or donated to the State of Florida to prevent their development, including the Bridgewater site in north Lakeland. Even the simple reclamation projects at the Bridgewater site help support populations of protected species such as Sherman's fox squirrel, woodstorks, bald eagles, and sandhill cranes in a region that is rapidly being developed (American Cyanamid 1994). At least 38 species listed by the Florida Committee on Rare and Endangered Plants and Animals are using reclaimed habitats on mined lands (Appendix A). Some mined lands have become premiere bird-watching, sportfishing, and hunting destinations, supporting extractive and non-extractive ecotourism in a State with abundant but shrinking opportunities for such activities.
However, what differences occur between the species found on mined and unmined habitats? If differences occur, can they be evaluated in an attempt to improve mainstream reclamation practices for selected species? What typical practices are beneficial to the establishment of sustainable populations? This study attempts to address these questions.
Methods
A literature search was conducted for wildlife studies of central-Florida phosphate properties that had been mined and stabilized by either active reclamation or allowed to passively revegetate. Studies with merely anecdotal observations of wildlife were not used, such
as vegetation monitoring projects with incidental observations of animals spotted during the floral evaluation. Data collected from temporary habitats, such as active settling areas and hydraulic systems were not included in the analysis. Only studies conducted by qualified scientists that provided comparisons of mined and unmined habitats were included.
Eight studies were found that met the acceptable criteria. Boody et al. (1985) sampled fish populations on reclaimed and natural lakes and recorded observations of birds, reptiles, amphibians, and mammals. Durbin and Godley (1995) trapped small vertebrates such as fish, reptiles, and amphibians in a variety of reclaimed and natural wetlands. Kale (1992) One of the primary purposes of each study was to evaluate wildlife utilization of mined lands. Some of the studies focused more heavily on reclamation sites than natural sites (Boody et al. 1985 , Kale and Pritchard 1997 , King et al. 1992 , Zellers-Williams 1980 . Therefore, care should be taken when comparing the species richness numbers reported for mined and unmined lands. This study does not necessarily provide a comprehensive list of all the vertebrates found in the region, either on mined or unmined habitats. In many cases, a species missing from one land category is probably an indication of low population densities rather than a complete absence of the animal. This is particularly true of the natural habitats. All of the species reported as occurring only on reclaimed habitats obviously occur on natural areas somewhere.
Appendix A depicts a master list of the species reported in each study.
This list, along with information in the references on the frequency of occurrence of the species on the list, and the author's direct observations, were used to compare the utilization of mined lands to unmined lands by species. Vertebrates that appear to show preferences for mined land were evalnated for their habitat requirements. The same was done for vertebrates that appear to prefer unmined habitats. An attempt was made to identify unifying themes, if any, that could be used to improve design practices in terms of enhancing vertebrate utilization of the reclaimed landscape.
Results

Species Richness
In comparative studies, a total of 348 vertebrate species were reported on mined lands and 324 species were reported on unmined lands (Appendix A). The total number of species of fish (Osteichthyes), amphibians (Amphibia), reptiles (Reptilia) and mammals (Mammalia) are similar for both types of habitat ( Figure I ). Mined lands supported 26 more bird (Aves) species than unmined habitats ( Figure I ). Of the 369 total species reported, 303 were found on both mined and unmined lands (82% overlap). The overlap for mammals, birds, and fish were all greater than 80% (Figure 2 ). Amphibians overlapped below the mean at 72%. Reptile overlap was the lowest among classes at 60%. The Florida Committee on Rare and Endangered Plants and Animals lists about 11 % of the species reported for mined lands and I I% of the species reported on unmined habitat as rare, endangered, or of particular concern for endangerment (Appendix A).
Differences
Appendix A lists the species reported for mined and/or unmined habitats, which species may occur at significantly different frequencies or 399 population densities on unmined land or mined land and their habitat preferences. This is somewha; subjective, but an attempt was made to look for species that more than one of the reference data sets and/or the author's direct observation~ suggested different utilization of either mined or unmined habitats especially for species using a variety of habitat types'. A single reference was necessarily relied on for some of the more specialized · taxa,, particularly for the herpetofauna of sandy scrubs (Mushinsky and McCoy 1996) and the small fishes of marshes (Streever and Crisman 1993) .
The most appropriate of seven typical habitat characteristics were assigned to each species where presence/absence data or other information suggested that the species might be exhibiting a preference for mined or unmined lands. Many species prefer more than one characteristic. The seven characteristics are I) open, 2) canopied, 3) open water, 4) ephemeral wetlands, 5) stable wetlands, 6) sandy substrate, and 7) mudflats. Open habitats are grasslands, prairies, and/or herbaceous wetlands. Canopied habitats are forests and/or dense scrubs. Open water includes lakes and/or bays. Ephemeral wetlands exhibit hydroperiods of several weeks to a few months, but are completely dry during a significant portion of most years. Stable wetlands are flooded at least throughout the growing season (almost the entire year) during most years. Sandy substrate includes fme sands in xeric habitats characteristic of sandhills, sand-pine scrub, and/or scrubby flatwoods. Mudflats are bare saturated soils that are exposed by tides or seasonal drops in water levels during dry periods.
The relative frequencies of each of these habitat characteristics can be compared for species preferring unmined land to those preferring mined land. For all non-fish vertebrate classes, the species that may prefer unmined lands seem to seek canopy, ephemeral wetlands, and sandy substrate (Figure 3) . The species that appear to prefer mined lands seem to seek open water, stable wetlands, and mudflats. The reptiles, amphibians, and mammals apparently favoring unmined land showed what seem to be pronounced preferences for open habitats, ephemeral wetlands, and sandy substrates and a milder preference for canopy ( Figure 5 ). Species from these classes better represented on mined land showed what appear to be strong preferences for stable wetlands and open water.
Discussion
Lakes, Wetlands, and Hydroperiod
The post-reclamation landscape typically has more large lakes and wetlands with extended hydroperiods than unmined landscapes. This increase appears to benefit about 18 species of birds beyond the support provided by the unmined habitats in the region (Appendix A). These include fish-eating species (redbreasted merganser, white pelican, double-crested cormorant, .least bittern, glossy ibis, wood stork, bald eagle, osprey), waterfowl (gadwall, Canada goose, horned grebe, American wigeon, mottled duck, ringnecked duck), and shorebirds (semipalmated plover, American avocet, dunlin, stilt sandpiper, short-billed dowitcher). Otters, a fish-eating mammal, appear to benefit from these conditions (Appendix A). Ten reptiles including aquatic turtles (Florida softshell, Florida mud turtle, stinkpot) and semi-aquatic snakes (Florida cottonmouth, rainbow snake, green water snake, banded water snake, brown water snake, striped crayfish snake, black swamp snake) appear to benefit from the increase in permanent pools (Appendix A). The two amphibians that appear to favor these regimes are bronze frog and river frog, both uncommon in central Florida (Appendix A).
Conversely, the data suggests that 5 species of amphibians would benefit by an increased proportion of ephemeral wetlands reclaimed within the landscape (gopher frog, oak toad, pine woods treefrog, squirrel treefrog, eastern spadefoot) (Appendix A).
Seven species of fish appear to favor the mined landscape (flagfish, bluefin killifish, sailfin molly, swamp darter, banded pygmy sunfish, golden topminnow, coastal shiner) verses four species in unmined lakes and wetlands (bluespotted sunfish, redbreast sunfish, tadpole madtom, everglades pygmy sunfish) (Appendix A). Streever and Crisman (1993) found all the fish taxa in reclaimed marshes that they found in natural marshes, but they reported substantially different frequencies in four species. Three of these species favored reclaimed marshes and one favored natural systems. The authors suggested that at least some of these differences might have been driven by hydroperiod. All of the reclaimed marshes remained wet throughout the study year, while almost all of the natural marshes were dry during at least one sampling event. Also, two of the three species occurring at greater frequency on reclaimed wetlands the flagfish and the sailfin molly, eat algae and prefe; slightly alkaline, hard water.
Reclaimed wetlands with extended hydroperiods and deeper water typically support abundant algal communities that raise the pH of these systems to levels typical of slightly alkaline water bodies (Kiefer 1991). This phenomenon also occurs in newly reclaimed marshes during their first two years of development as the macrophytic community is maturing.
The everglades pygmy sunfish was the only marsh species reported by Streever and Crisman (1993) to favor unmined marshes. This fish routinely survives severe conditions, and is known to tolerate a wide range of water quality. The pygmy is often encountered in shallow ditches and other temporary pools, such as ephemeral wetlands.
The habitat preferences of marsh fish seem to reinforce the concept that the net increase of stable wetlands benefits some vertebrate species, but that constructing more ephemeral wetlands could increase certain species.
A better balance of stable and ephemeral wetlands should be plarmed for in the reclaimed landscape to benefit the greatest number of total species. The littoral zones around reclaimed lakes probably provide a net increase of stable wetlands such that if the relative proportion of ephemeral marshes among other constructed wetlands was increased then additional amphibian and fish species would b~nefit without significant detriment to species favored by the past reclamation practices.
Reclaimed lakes can also provide valuable nesting habitat for colonial wading birds. Nine of the ten largest heronries reported by Runde et al. (1991) in Polk County, Florida during 1989 occurred on mined lands despite the fact that mined lands account for less than one-fifth of the county ( Figure 6 ). Most of the total number of rookeries reported in Polk County from 1976 through 1989 occurred on mined land. Colonial birds favor sites characterized by clusters of shrub-or tree-covered islands surrounded by open water. Therefore, lakes should be reclaimed with at least some of the spoil left in the center protruding above the design water line to facilitate the development of roosting and nesting sites. Multiple islands should be left in each lake. The spoil islands should be densely planted with fast growing native shrubs and trees such as wax myrtle, slash pine, and/or cypress. 
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Maturity and Snags
Eight of the 9 bird species that may prefer unmined habitats exhibit canopy as one of their primary habitat characteristics (brown-headed nuthatch blackthroated gray warbler, Connecticut warble~, wild turkey, chuck-will's-widow, red-headed woodpecker, great-crested flycatcher, tufted titmouse) (Appendix A). Four of these are cavity nesters (brown-headed nuthatch, red-headed woodpecker, great crested flycatcher, tufted titmouse) (Kale and Maehr 1990) . Nine of the 14 reptiles that may prefer unmined habitats select canopy as one of their main habitat characteristics (Florida box turtle, Florida scarlet snake, central-Florida crowned snake, peninsula mole skink, southern hognose snake, scarlet kingsnake, eastern coral snake, pine woods snake, peninsula crowned snake) (Appendix A). Four of these are commonly associated with rotting logs for foraging, shelter, and/or egg laying (scarlet kingsnake, eastern coral snake, pine woods snake, southern fence lizard) (Behler and King 1997). Four of the five mammals favoring unmined lands exhibit a canopy preference (Florida mouse, Sherman's fox squirrel, long-tailed weasel, golden mouse) (Appendix A). For one of these, Sherman's fox squirrel, the best habitat typically contains at least I to 2 cavity trees per acre, although this is not a requirement (Whitaker 1998, Humphrey 1992).
Dense and impressive tree canopies can develop on properly reclaimed projects in as little as 20 years. Saddle Creek Park's passively reclaimed canopy has become one of the premiere habitats for neotropical migrants and other migratory birds in central Florida (Edscom 1980). However, the production of significant amounts of vertical and horizontal snags in a forest probably takes at least several decades. Flatwoods sites in central Florida typically have at least I to 4 vertical snags per acre, and probably several times that number on the ground. Therefore, at least 9 vertebrate species that appear to favor umuined habitat should benefit by an increase in the amount of dead wood scattered throughout a project (brown-headed nuthatch, redheaded woodpecker, great crested flycatcher, tufted titmouse, scarlet kingsnake, eastern coral snake, pine woods snake, southern fence lizard, Sherman's fox squirrel). A mixture of upright pines, palms, and hardwoods should be set in uplands corresponding to the target community. Individual logs of pines, palms, and hardwoods should be scattered horizontally throughout sites, instead of the more common practice of establishing a few large brush piles. Horizontal hardwood snags should be placed in wetlands and lake edges for reptile basking sites.
Mushinsky and McCoy (1996) state that many of the reclaimed xeric upland sites they studied had a simple two-tiered system (groundcover and trees), and that a variety of vertebrate species would benefit from the deliberate establishment of a three-or four-tiered canopy by adding more shrubs and sub-canopy plants. They also recommended the addition of dead wood, leaves, and substrate crusts/lichens. A variety of upland forest types should benefit from these practices.
Sandy Soils
Nine of the 21 herpetofauna that may prefer umuined lands exhibit a reliance on sandy soils (peninsula mole skink, Florida scrub lizard, eastern hognose snake, southern hognose snake, pine woods snake, Florida scarlet snake, central-Florida crowned snake, eastern spadefoot, oak toad) (Appendix A}. Most of these species are highly fossorial, spending much of their lives underground. Two of the five mammals favoring umuined land also rely on sandy burrows (southeastern pocket gopher, Florida mouse) (Appendix A).
These fossorial vertebrates could benefit from the use of sandy substrates such as sand tailings or sandy native topsoil instead of an overburden or clay cap at the surface. Whenever feasible, areas designed as analogues to pine flatwoods should incorporate at least some large lenses of sand at the surface.
Since coastal sand dunes formed the geological origin of sand-pine scrub and sandhill, this would appear to be a requirement of establishing an analogue to such areas to an even greater degree.
Dispersal
Even if the within-site habitat characteristics are ideal, the area will not provide much benefit if barriers to dispersal prevent some vertebrates from reaching the site. There is currently a strong movement to create corridor/node complexes of interconnected natural and reclaimed habitats. Even so, it is important to recognize that habitat that is a corridor for some species may not be for others.
This may be particularly true for species that rely heavily on naturally fragmented habitats such as relict sand dunes or isolated ephemeral marshes. Such species frequently can disperse, but their dispersal range is limited if suitable "islands" of habitat are spread too far apart. It is important to properly scatter such small, insular systems at appropriate spacing for species of concern.
An anecdotal example of this may involve sandy habitats at Tenoroc Fish Management Area, a former phosphate mine that was mined before reclamation rules went into effect. In the eastern portion of the park is a natural remnant of the Winter Haven ridge that was left umuined and is supporting a population of pocket gophers. On the western portion of the park is a large grass-covered sand-tailings mound, with scattered sand pines. This mound has some gopher tortoises but no pocket gophers. A twomile wide series of lakes and clay-substrate wetlands with small densely canopied spoil islands separates these two sandy areas. During active mining it would have been possible to reclaim a "corridor" between these two sandy hills that involved a continuous band of pine flatwoods interspersed with sandy mounds that would draw pocket gophers across the property.
Template Species Examples
Ecological systems are complex and reclamationists face a daunting task of trying to balance the sometimes-conflicting habitat requirements of one group of species against another. The central-Florida landscape is so fragmented, artificially drained, and fire-suppressed by development, exotic species invasion, and agriculture, that the condition of a mine prior to mining does not necessarily offer an appropriate design template for habitat reclamation. One valuable tool is to identify species that have a special set of requirements that if met, will benefit a wide range of other species and then check your postreclamation landscape and habitat characteristic design for suitability from the template species perspective. Two brief examples are given.
Gopher frog (Rana capita).
Gopher frogs live in the burrows of other fossorial animals, particularly gopher tortoises. They breed in ephemeral wetlands, within a mile from their sandy burrows (Moler 1992). Designing habitat for gopher frogs should create suitable conditions necessary for a dozen or so other species of herpetofauna, mammals, and fish that appear to prefer unmined lands over mined lands ( especially species requiring sandy habitats and/or ephemeral wetlands) (Appendix A).
Woodstorks (Mycteria americana).
Woodstorks require dense fish concentrations during the dry season to breed successfully. Although this is true of almost all wading birds, storks are particularly sensitive to this because they forage by feel rather than by sight (Rodgers et al. 1996) . Storks need a variety of wetlands within the landscape that drawdown during different parts of the dry season to space out foraging opportunities during chick rearing. They also need at least a few wetlands or lakes within the region that remain permanently wet during most years. Reclaiming a landscape with a relatively broad mix of water regimes for storks should benefit other wading birds, reptiles, amphibians, and fish that utilize wetlands across different portions of the hydroperiod spectrum.
Conclusions
The mined and reclaimed landscapes created in the past have demonstrated the capacity to support vertebrate species richness that rivals that of umnined lands in the central-Florida phosphate district. However, populations of species with low occurrence on mined lands could be enhanced by continuing to develop design trends that carefully consider the amount of dead wood, sandy substrate, understory plant species, and ephemeral wetlands that are incorporated into the landscape. Another area of focus includes evaluating the spatial patterns of isolated habitat types within broader corridors or nodes necessary to facilitate species recruitment.
Reclamationists in the phosphate industry are always looking for cost effective means to improve upon past practices, no matter how successful. Hopefully this paper will assist in promoting such endeavors.
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HAB=land type preference: B=reported on mined and unmined land, (r)=may prefer mined land, (n)"'lTlay prefer unmined land. R=only reported on mined land, N=only reported on unmined land.
CHAR=preferred habitat characteristics: O=open, C=canopy, Sa=sandy substrate, MF"'1T!udflats, OW=open water, SW=stable wetlands, EW=ephemeral wetlands.
